Document made available under the 
Patent Cooperation Treaty (PCT) 



International application number: PCT/IL05/000358 
International filing date: 30 March 2005 (30.03.2005) 

Document type: Certified copy of priority document 

Document details: Country/Office: US 

Number: 60/557,377 

Filing date: 30 March 2004 (30.03.2004) 



Date of receipt at the International Bureau: 13 April 2005 (13.04.2005) 



Remark: Priority document submitted or transmitted to the International Bureau in 
compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 



PCT/IL2005 /00035 8 
3 0 MAR 2005 



PA 



i ^' | fflT( ffi\lM''l?iTi^ 



UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 

February 04, 2005 

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM 
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK 
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT 
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A 
FILING DATE UNDER 35 USC 111. 

APPLICATION NUMBER: 60/557,377 
FILING DATE: March 30, 2004 



By Authority of the 
COMMISSIONER OF 



>EMARKS 



e ml .iV^-;.it^'r'^ ■ i -i ■ S 



E. BORNETT 
Certifying Officer 



Page 1 of 1 



CO 

CS3 



U.S. PATENT AND TRADEMARK OFFICE 
PROVISIONAL APPLICATION FOR PATENT COVER SHEET 

This is a request for filing a PROVISIONAL APPLICATION FOR PATENT 
under 37 C.F.R.§1 .53(b)(2) 



COCO 



I Atty. Docket LEVI-SCHAFFErT 



]2 



CO 



INVENTOR{S)/APPUCANT(S) 



LAST NAME 



LEVl-SCHAFFER 
BACHELET 
MUNiTZ 
MORETTA 



FIRST NAME 



Francesca 
Ido 
Ariel 
Lorenzo 



Ml 



RESIDENCE (CITY AND EITHER STATE OR FOREIGN COUNTRY) 



Jerusalem. Israel 
Jerusalem, Israel 
Jerusalem. Israel 
Genova. Italy 



[ 1 Additional inventors are being named on separately numbered sheets attached hereto 



TITLE OF THE INVENTION (280 characters max) 



lRp60 IS EXPRESSED AND FUNCTIONAL ON HUM AN CORD BLOOD DERIVED MAST CELLS 



CORRESPONDENCE ADDRESS 



Direct all correspondence to the addr ess associated with Customer Number 001444. which is presently: 



BROWDY AND NEIMARK. P.LLC. 
624 Ninth Street. N.W.. Suite 300 
Washington, D.C. 20001-5303 



ENCLOSED APPLICATION PARTS (check all that apply) 



[x] Specification 
[x] Drawing(s) 



Number of Pages 
Number of 5 



11 
16 



[xl Applicant claims small entity status. See 37 C.F.R. §1.27 
[ ] Other (specify) 



METHOD OF PAYMENT (check one) 



[XI Credit Card Payment Fomi PTO-2038 is enclosed to cover the Provisional filing fee of 

I 1$160 large entity M $80 small entity 

(XI The Commissioner is hereby authorized to charge filing fees and credit De posit Account Number 02-4035 

The invention was made by an agency of the United Stated Government or under a contract with an agency of the United 
PC] Not 1 Yes.thenameoftheaS,GovemmentagencyandtheGovemmentcontractnumberare: 



States GovemmenL 



Date: Mardi30,20Q4 
SNijlu 



Respectfully submitted, 
BROWDY AJ)iCy wen 

By- . - ^ . 
Sheridan Neiman 

Registration No.: 20.520 




Topic nf propos ed research 



<^ ^ A ft^niKie^; on a novel approach for an iiiimiinopharniacological 

eczema etc. 

^.,.,. ptir>n nf the suh | ^''t .nd nf the scientific and terhnolopical background 

^^ST'^SS^fS c^S^^ting fcr up .o 20% in Wes..m counric and currently 
increasing [1]. of allerev has provided insights into the cellular and molecular 

ft^W i?i>^"« administered to the patients only by intravenous adnumstratron. 

tZtZ'le tissue dwelling, FCCKI hearing «m -^X^rd^tfe^S; 
Besides having a P'-tal rota m^^c «^t^on^. mey^a^^ o^^^^^ 

h„^Sundergo regulated secretion of preformed and newly synthesized mediators. 
?,^':^fiv^on*masT ceils release a variety f^^^ ^^^^?c:f^:LZ':Zt 

-^r&r:ra^ra,°^.£^W 

late phase and in chronic inflammation. Notably, while anti-IgE therapy is no pp 
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treatment of asthma, it only induces a modest improvement. This highlights the involvement of non- 
IgE dependent pathways in the development of asthma as well as the need for new targets for 
therapeutic intervention. Indeed, work done in our laboratory (as well as in others) has shown that 
numerous mediators are capable of activating mast cells. Among them, stem cell factor (SCF), that is 
critically responsible for mast cell differentiation, survival, proliferation, maturation, chemotaxis, 
adhesion, and activation as well as Nerve Growth Factor (NGF) that also induces mast cell 
activation. 

The IgE-independent stimulation of mast cells can also be triggered by polybasic compounds that 
share similar structural features essential for their activity such as compound 48/80, neuropeptides 
(VIP, CGRP, substance P, neurotensin), and eosinophil derived-major basic protein (MBP) [4]. 

Eosinophils encounter mast cells in the tissue during the late phase of the allergic inflammatory 
process. Recently, evidence has emerged indicating an important cross-talk between these two cells 
exists. Work done in our laboratory has shown that eosinophil survival is enhanced by mast cell- 
derived TNF-a via TNF-aRI and TNF-aRII. Furthermore, the preformed mast cell-derived tryptase 
induces IL-6 and IL-8 production and release from human peripheral blood eosinophils by PAR-^II 
initiating the mitogen-activated protein kinase/AP-1 pathway, while GM-CSF produced by IgE- 
activated mast cells induces eosinophil siurvival and eosinophil cationic protein (ECP) release. 
Human lung-derived mast cells become responsive to MBP when co-cultured with fibroblasts, by a 
process dependent on membrane-bound SCF. Notably, eosinophils also synthesize SCF and NGF,. 
Altogether, all this strengthens the importance of mast cells in the late and chronic stages of allergic 
inflammation [5-6]. 

It has recently become clear that mast cell degranulation is regulated by additional surface activatory 
and inhibitory receptors such as FcyRIIB, gp49A/Bl/B2, PIR-B, LIRs/ILTs and sialic acid binding 
Ig-like lectins (siglecs) that are expressed on mast cells and functional at least on murine mast cells 
[7]. In addition, recently we have demonstrated that human cord blood mast cells express the IRp60 
inhibitory receptor (see Inhibitory Receptors and Figure lA, IB). Moreover, both lung-derived 
and cord blood-derived mast cells express the inhibitory receptors p75/AIRM and FcyRIIB (data not 
shown). 



Figure 1; FACS analysis of IRp60 
expression on human cord blood-derived 
mast cells (A) and human lung mast cells 
(B). Cells were incubated with anti-IRp60 
mAb (1:10 dilution, 30min, on ice) 
followed by goat anti<mouse PE or FITC 
(1:200 dilution, 30min, on ice). 
Human cord blood-derived mast cells 
express high levels of IRp60 (A) (n-5) 
Human lung mast cells express IRp60 as 
well (B) (n=3). Filled histograms and 
blank histograms represent isotype control 
and IRp60 staining, respectively, 
a 141 



It is noteworthy, that most of the knowledge on mast cells to date relies on studies performed on on 
rodent mast cells and human mast cell lines. In our laboratory, for our interest in human therapy, we 
have developed during the years the technology to purify and culture specifically human mast cells 
from cord blood, lung, skin and intestine. 
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C. Inhibitory Receptors 

Over the past several years it has become increasingly apparent that both mast cells and eosinophils 
^^eTslvtllir^^ilry receptors belonging either to the Ig receptor ^^^^^^f^ 
kCt Hinple V-tvne le-Hke domain in the extraceUular portion such as KIRs, LIFs/ILTs, l^mK, 
^49bT^c S?^ to tt^e c.type (calcium dependent) lectin superfamily (such as MAFA, 
?D9^G^) ms large fairly of immune inhibitory receptors can be identified by a co 
SrHno aSd sequence the immunoreceptor tyrosine-based inhibitory motif (TTIM). The ITIM is 
^nt i^ the c^Xt^smic domain of these molecules. The arche^e ITIM sequence is composed 
n??^o aci^aieA^aI/Leu/Ser>X-Tyr-X-X-(LeuA^al). where X denotes any ^o acid Upon 
«ftfvS thesfiiSiWtory receptors undergo tyrosine phosphorylation, often by a Src family km^e. 
wWrp^^SfZS site for the fecrStment of cytoplasmic phosphatases having a Src 
iiomoloffv 2 (SH2) domain such as SHP-1,-2 and SHIP-1,-2 [8]. ^. . ^ t c 

aT^SsIv described mast cells can be activated by IgE-dependent (FcsRI mediat^) and IgE- 
^dStS sS? X:tivation of mast cells via IgE-dependent mechanisms results m ^pid 
ScSSS of^k ixdl^n to tyrosine phosphorylated residues in the intracellular component of the 
FcSi^^ptorTi^d I?AM (Lomunorec^tor tyrosine-based activatory motiQ- The consequence 
or^s^tion L and other prefoiSed mediators release and synthesis release of lipid 

me^ato^ by Irlpid process that is completed in less than 30 min. In addition. fCF and NGF i^t 
^Sa e malt ceUs, L dependant on Src family kinases. Interestingly both IgE-dep«adent and 
S^?rInd?nT stimuli are regulated by inhibitory receptors at least in-vivo m mice models. Thus, 
^•^.t? of SOT r -2 ^d SHIP-1,-2 that dephosphorylate ITAM domains or kinase activity 
ati;,n ofi:^as't^l ^ctivation.^s ^ibition has "--^^^-^ctSr 
Se ep49Bl inhibitory receptor on murine mast cells, where co-hgation of the 
wL^ceRI resulted^ inhibition of secretory granule mediator (histamine, p-hexosammidase) and 

SoTf S^iihibitory receptor belonging to the Ig superfamily. It is expressed on maiiy cell types 
^as T^er^NK^J^Is ^d granul^es. Cross-linking of IRp60 on NK cells, results m down- 
:^ation :?{^^olyitic actiSty. In addition, treatment of IRp60 w^ so^um p^n^anag e ledjo 

?itiS?^p=s-tt^"- 

inflammation. In fact AHR. peri-bronchial and pen- 
fjctSa^tion -^eosinopM infiltration was enhanced in bronchoalveolar lavage fluid of 

M^^^tCo^SSyT^or^^^^ Shown that IRp^O expressed o^ h_st 

cells is fiinctionaL Cross-linking of IRp60 inhibits both p-hexosaminidase and IL-4 release in 
response to IgE-dependent activation (see Fig. 2A, 2B), 



A. /S-hexosaminldase release 




Fi gure 2: Mast cells were incubated 5 days 
prior to activation with chimeric (human Fc, 
murine Fab) IgE anti-NP (S^ig/ml). On the 
day of activation, the cells were washed, and 
seeded onto 96 mulit-weU dish pre-coated 
with sheep anti-mouse (X) (25^lgAml) and an 
antibody recognizing IRp60 (3:7 dilution) or 
isotype matched control (iso). At the same 
time, another cross-linker is added (goat anti- 
mousc lambda-chain specific, 5pg/ml), and 
the plate was then incubated for Ihr. IRp60 
inhibits IgE-dependent p-hexosaminidase 
release (A) and IL.4 release (B). The data 
shovm is a representative of one experiment 
cut of 3. 
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B. IL-4 release 




D« Bi*functionaI single chain Fv (BiscFv). 

In recent years, antibody therapy has become a new treatment modality for a vast array of diseases 
such as cancer, malaria and asthma. Despite this fact, it is widely agreed that the efficacy of 
antibodies reqidres further improvement. Bispecific antibodies are proteins that have 2 different 
binding specifities, usually designed to recognize two different antigens on different cells. The 
BiscFv technology has been studied in the context of immune regulation mostly in cancer and 
parasite settmgs [12]. Thus, one binding site is specific for an antigen on the target cell (i.e. infected 
or cancer cell) while the other binding site recognizes specifically an antigen on the immune efFector 
cell. Accordingly, the effector-cell mechanisms will be exerted upon the target cell leading to an 
appropriate immune response. 

Many different types of Bispecific molecules have been designed. First-generation bispecific 
antibodies were produced by fusing two established hybridoma cell lines to fonn quadromas [13] or 
by chemical cross-linking of respective F(ab') fragments [14]. Both in-vitro, in-vivo and clinical 
studies done with such bispecific antibodies confirmed the therapuetical potential of such a treatment 
[15]. However, these studies also highUghted some predictable problems associated with this 
generation of antibodies. Since these antibodies contain also a murine component, immunogenicity 
towards the treatment developed in most patients, hence preventing retreatment with these 
antibodies. Advances in protein engineering technology have led to design new and less 
immunogenic bispecific antibodies. Bispecific single-chain Fv (BiscFv) fragments have been 
generated using a polypeptide linker that allows the construct to maintain its designated flexibility 
and function. These BiscFv antibodies are expressed as single covalently linked molecules, showing 
high thermal stability [16]. To date the vast majority of BiscFv constructs have been designed in 
cancer settings. Therefore, Fv fragments derived from monoclonal antibodies against a variety of 
tumor antigens were combined with single chain Fv fragments directed to recmite effector T and NK 
cells. Interestingly a recombinant CD3-CD19 BiscFv was highly effective in redirecting T cells 
against CD19-positive lymphoma cells [17] and was the first BiscFv to enter clinical trials. 
In our proposal we aim to generate a BiscFv designed to recognize the inhibitory receptor IRp60 and 
FceRI-bound IgE both expressed on the mast cell surface. Since in allergic patients IgE are bound to 
FceRI on mast cells, a "smart" way for targeting the construct towards these cells will be achieved 
by designing one arm of the BiscFv towards this specific molecule (see Fig. 3). In addition, 
basophils are the only other cells expressing high levels of FceRI on their surface thus, it is 
conceivable that this cell tyope will be targeted as well The BiscFv is currently being generated 
using a common and well based protein engineering technology protocol (see methods). In fact we 
have already established several in-vitro results confirming our hypothesis that targeting inhibitory 
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receptors can decrease mediator release JBrom mast cells ((see Fig. 2A, 2B). Furthermore, the 
hybridomas that produce mAb recognizing IRp60, which constitute the greatest limiting factor are 
already in our possession. 



Hybri^oma producing 

ontUR nvi/ift V* 




Figure 3: A schematic diagram of the designated procedure for BiscFv generation. mRNA will be extracted from 
hybridoma cell lines generating IRp60, IgE or isotype matched control. The Vx/Vh conserved regions will be 
amplified , cloned and sequenced using a commercial kit Four sets of primers will be designed according to the 
sequences, containing also the DNA encoding for the (Gly3Ser)4 motif^based flexible region linker^ a tag for protein 
purification purposes, or a restriction en;^me site. A series of overlapping PCRs will be performed to yield the 
desired BiscFv construct, and then using the restriction enzyme sites inserted in the flanking primers, the product will 
be cloned into a linearized baculovirus expression vector* The vector will be transformed into an expression system 

„?y(jt4.conditiqn^^^^ optirzialj^eld. The BiscFv protein product will be purified on an 

afQnitv column using ffie PCR-insened tag! " ** """* ' 

3. Aims 

A. Specific Aim 1: To generate a bifunctional single chain Fv (BiscFv) recognizing both IRp60 and 
IgE on human mast cells. 

B. Specific Aim 2: To test and evaluate the efficiency of the BiscFv reagent in-vitro as a platform 
for future clinical studies. 



4, Detailed oian and methodology 

Specific Aim 1: To generate a bifunctional single chain Fv (BiscFv) recognizing both IRp60 and 
IgE on human mast cells (see . 

1. Total mRNA will be extracted from hybridoma cell lines producing immunoglobulins specific 
to either IRp60 or IgE. In addition, mRNA will be extracted from a hybridoma recognizing a non- 
related epitope. This epitope will be used in combination with an inhibitory receptor, an effector- 
cell marker, or itself as a specificity control for in-vitro/ in-vivo studies, and also as a placebo 
group for future clinical tests. 

Most of these hybridoma species are already in our possession, while the others are in the process 
of generation. 

5 
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(In the following stages, IRp60 related genes are tagged I and JgE relate^d genes are tagged E) 



2. Reverse transcription using Superscript™ kit will be employed according to the manufacturer's 
instmctions in order to yield cDNA, 

3. PGR will be used to amplify the genes encoding the Vij^/Vu^^ and Vl^^A^h^^ chains using 
primers from the mouse Ig-prime kit (Novagen) hybridizing with the conserved regions flanking 
the Vi/Vh genes of both I/E epitopes. 

4. The four products will be inserted into a simple vector and sequenced. 

5. Four sets of primers will be designed according to the sequences, containing also the DNA 
encoding for the (Gly3Ser)4 motif-based flexible region linker, a tag for protein piirification 
purposes, or a restriction enzyme site. The primers will be designed as follows (r=gene sequence; 
iJ£'=Testriction enzyme site; linker; r=Tag for protein purifiication) brought in 5' to 3' direction: 

a. Vif'^-S': [REJ-x 

c. [L]-x 

d. ViP-3':x 

e. V^^-y:[L]-x 
£ X 

g. VjfK5':[L]^x 

h. Vj^^-y: [RE]-[T]-x 

Construct sequence: ^-F/^^-i-F^^^-i-F/^-^-i-F^^^^^ 

6. A series of overlapping PCRs will be performed to yield the desired BiscFv construct, and then 
using the restriction enzyme sites inserted in the flanking primers, the product will be cloned into a 
linearized baculovims expression yector> _ ^ 

7. The vector will be transformed into an expression system and conditions will be cd^ibrated in 
order to achieve optimal yield, 

8. The BiscFv protein product will be purified on an affinity column using the PCR-inserted tag. 
These stages will be performed for every BiscFv in the mixture as follows: IRp60/IgE, Isotype/IgE, 
IRp60/Isotype, Isptype/Isotype, total of 4 BiscFv's. . 



Specific Aim 2: To test and evaluate the efficiency of the BiscFv reagent in- vitro as a platform for 
future clinical studies. 



In-vitro 

For in-vitro studies, at least two human sources of mast cells will be employed, i.e. cord blood and 
lung mast cells. Cord blood will be obtained fresh (~70mL) and loaded on FicoU-paque gradient 
(Amersham). Mononuclear cell layer will be washed and cultured in MEMa in the presence of 
human recombinant SCF (lOOng/mL, Amgen), IL-6 (lOng/ml, Peprotech) and PGE2 (SxlC^M, 
Sigma) for 8-12 weeks. Maturity of the cells will be evaluated by FACS analysis of intracellular 
tryptase and chymase, and they will be used for studies when >95% are tryptase and chymase 
positive. 

Human lung specimens from healthy looking areas of lungs will be obtained fresh from patients 
undergoing surgery for removal of lung cancer. Cells will be extracted from the tissue by enzymatic 
digestion, following separation on PercoU gradient (Sigma). Mononuclear fraction will be blocked to 



.void unsp^ific binding and ^SH^JcTeS: ^t'^^-u's^-^^S^^C^^'a 

frJ^ Wmn S^t^^t^^ ^"cSls vaU be washed and ttansferred to 96 multi-well plate 

on ice, and the plate is t^en tii^^ enzymatic-lolorimetric assay, 

Tnf.*liators are evaluated in the supematants. tryptase using an cxxz.yixi - „ ^ tt q tt in 

SSSS'^bS^ Afferent tiine pointe (5.30m,n,l 8 tes). the ceU supcnuOant wUl be 

Biotechnology, CA, UbAj. u raese „ „ 

1,-2 or SHIP-1,-2 recruitment. 

NOTE: .wiiK^«KtaiTie^ from all ofthevolimteers involved in this study according 

aSt" hS^lSS^^ob^ed ftomVl Hashomer Hospital. (See enclosures). 



eczema etc. ^here 'io current eff^ ent^^^ its anti-allergic potential first in vitro 

anti-inflanmiatory treatment, ^he B scFv will b^^^^ P^^ ^^^^^^ of allergy 

on isolated punfied human mast cells and on later stages mvio therapeutic 
and in patients with periennial or s-son^^^^^^ IH^^nTa ie^en sp^^^^^^^ be used in 

and financial advantages that go side by side. ^"^^'^f.J'^^^'^^^^ is uknown as it frequently 

Ss, eye^ nose drops etc and not by the umbersome intravenous route. 
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IRd60 is expressed and functional on human cord blood derived mast cells 
RATIONALE 

Inflammatory responses coordinated by mast cells are likely to be regulated by the 
cross-talk between activatory and inhibitory signals. TTie high-affinity receptor for 
IgE (FceRI) on mast cells plays a fundamental role in initiating and controlling 
allergic inflammation. However little is known about human mast cell inhibitory 
signaling. IRp60 is a 60-kDa glycoprotein expressed on NK cells, T cell subsets and 
monocytes. Upon Tyrosine phosphorylation, IRp60 associates with SHP-1 and SHP- 
2, leading to inhibition of NK cell-mediated killing. Being interested in inhibitory 
receptors on human mast cells, we examined the expression and function of IRp60 on 
human cord blood-derived mast cells (CBMC) and human lung mast cells (HLMC). 
METHODS 

Mature CBMC were obtained from cord blood mononuclear cells cultured with Stem 
Cell Factor, IL-6 and PGE2 for 9-12 weeks. HLMC were purified from lung 
specimens using enzymatic digestion followed by ficol gradient and positive 
selection. Expression of IRp60 was assessed by FACS and Western blot. CBMC were 
cultured for 5 days in 96 well plate with chimeric IgE (2/ig/ml). Cells were washed 
and transferred to 96 well plate pre-coated with cross-linker (sheep anti-mouse, 
25/x^ml) and mouse anti-human IRp60 (PI 92), followed by addition of goat anti- 
mouse X-chain (S^g/ml) (30 minutes, 37°C). jS-hexosaminidase release was 
determined by enzymatic-colorimetric assay; IL-4 by ELISA. CBMC were incubated 
with eosinophil-derived major basic protein (MBP) (10-1 OOnM) or with poly-L- 
argrnine (25-1 OOnM) for 12-24 hrs and IRp60 expression was assessed. Data is 
presented as [Mean] ± [S.D.]. Statistical analysis was done using Windows Excel 
two-tailed t-test assuming equal variances. 
RESULTS 

Human CBMC (94.5%, n=5) and HLMC (80.5%, n=3) express IRp60. Cross-linking 
of IRp60 together with FceRI inhibited p-hexosaminidase release (59.28±9.55% 
inhibition, n=4, p<0.001) and IL-4 release (64,43±2.91% inhibition, n=3, p<0.01). 
Incubation with MBP for 24 hours (10 and lOOmM) down-regulated IRp60 
expression on CBMC (AMFr=l 1±1, n=2 for each concentration, p<0.001). 
CONCLUSIONS 

The demonstration that human mast cells express a functional IRp60 receptor 
suggests a novel pathway for the regulation of IgE-mediated responses. 
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This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



. As rescanning documents will not correct images, 
please do not report tlie images to the 
Image Problem Mailbox. 



